The effect of different nutrient composition media on the production of mannanase by Bacillus velezensis NRC-1 was investigated. Medium 1 (composed of (g/L), peptone, 2.0; (NH 4 ) 2 SO 4 , 1.5; MgSO 4 ·7H 2 O, 0.5; K 2 HPO 4 , 10.0; locust bean gum, 10.0, urea and 0.3, pH 5.3) was found to be the most favorable medium for mannanase production which recorded, 2.19 U/mL, after 7 days of incubation at 30 ºC. Taguchi orthogonal array method was used for optimization of nutrient composition medium and culture condition for mannanase production. Eight nutrient factors were studied including peptone, ammonium sulphate, urea, magnesium sulphate, dihydrogen potassium phosphate, locust bean gum, pH and fermentation volume with three levels. Analysis of variance (ANOVA) revealed that peptone concentration, locust bean gum and pH of the medium were the most influencing factors with percent participation 19.25, 13.46 and 57.89%, respectively. An increase in mannanase production to 8.7 U/mL could be achived after the optimization process.
INTRODUCTION
Endo-β-1,4-mannanase (EC 3.2.1.78) is a crucial enzyme for the depolymerization of unsubstituted mannans, galactomannans and galacto-glucomannans ( Mannanases are produced from bacteria as Bacillus subtilis (Mendoza et al., 1995) The Taguchi method has been recently used for the optimization of production of many enzymes as xylanses (Azin et al., 2007) and laccases (Prasad et al., 2005) In this study, the effect of some medium composition, pH and fermentation volume on mannanase biosynthesis by Bacillus velezensis NRC-1 using Taguchi method was conducted.
MATERIALS AND METHODS

Microorganism
The microorganism used in this study, Bacillus velezensis NRC-1 was isolated locally from dehaired skin of sheep. The identification of Bacillus velezensis NRC-1 was carried out using partial sequencing of ribosomal DNA gene, with phylogenetic analysis.
Chemicals
All chemicals were of pure grade produced by known manufacturers.
Culture media
The medium used for inoculating and maintenance of B. velezensis NRC-1 composed of (g/L) peptone, 5; beef extract, 3.0; NaCl, 8.0 and agar 12.0. For growth enhancement tryptone liquid nutrient medium was used (g/L) tryptone, 10.0; yeast extract, 5.0 and NaCl, 10.0.
Production media
Different types of nutrient production media of various compositions were used to select the most suitable medium for the production of mannanase. The types of media and composition are listed below. Ingredients of each medium were dissolved in 1 L of distilled water. The prepared nutrient medium was distributed in 100 mL portions in triplicate, each transferred into 250 mL conical flasks plugged with cotton and sterilized by autoclaving at 121 °C and 1.5 atm for 20 min. Some components of the nutrient media such as sugar were sterilized separately and then added aseptically to the media. 
Enzyme assay :
The culture extract of the fermentation medium was centrifuged at 10,000×g for 15 min. The supernatant was used as the source of enzymes. Mannanase activity was determined by measuring total reducing sugars released from 1% (w/v) locust bean gum as a substrate in 1 mL citrate buffer, 50 mM, pH 5, using 0.5 mL of the growth broth containing mannanase enzyme was added. The mixture was incubated at 50 °C for 10 min and the enzyme activity was determined by the method of Somogyi (Somogyi, 1945) . One unit of β-mannanase activity was defined as the amount of enzyme which releases 1 mol of reducing sugar as equivalent to D-mannose per minute under the above mentioned conditions.
Protein determination :
The concentration of soluble proteins was estimated according to the method of Lowry et al., (1951) using bovine serum albumin (BSA) as the standard reference.
EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS:
Taguchi method was used for optimization of medium composition and culture conditions to produce mannanase enzyme. Standard orthogonal array L-27 (3 8 ) was selected to examine eight-factors (peptone, ammonium sulphate, urea, magnesium sulphate, dihydrogen potassium phosphate, locust bean gum, pH and volume) with three levels. The factors were selected on basis of standard fermentation conditions on medium No.1, with changes in some physical conditions as pH and volume, to measure their effect on mannanase biosynthesis from B. velezensis NRC-1. The symbolic array L-27 of experimental matrix represents the size of experiment and the number of runs (i.e. 27 experimental trails) with layout (3 8 ). The three levels of the eight factors were coded as 1, 2 and 3 (Table 1 ). The total degree of freedom (DOF) for OA L-27 set was 26 (number of runs minus one). In the design OA, each column consisted of a number of conditions depending on the levels assigned to each factor. The runs involved a particular combination of levels to which the factors were set, and the diversity of factors was studied by crossing the factors. The whole experiment was performed in triplicate manner. An analysis of variance (ANOVA) for the obtained results was investigated. The incubation of culture medium was carried out at 30 ºC for 7 days in all Taguchi runs. 
RESULTS
A preliminary experiment was conducted to select the most suitable nutrient medium for mannanase biosynthesis by B. velezensis. Nine nutrient media with varying compositions were selected from previous studies carried out on mannanase biosynthesis with different incubation periods (3, 5 and 7 days). Medium 1 was found to be the most suitable medium with mannanase biosynthesis of 2.19 U/mL after 7 days incubation (Table 2) . As a result medium 1 was selected for optimization process using Taguchi method. By using Taguchi method standard orthogonal array L-27 (3 8 ) eight-factors (peptone, ammonium sulphate, urea, magnesium sulphate, dihydrogen potassium phosphate, locust bean gum, pH and volume) with three levels from each was selected to study their effect on mannanase production (Table 3) . The results of the experiments performed revealed that the maximum production of mannanase was 7.95 U/mL under the following medium composition (g/L) peptone, 3.5; ammonium sulphate, 1.50; urea, 0.30; magnesium sulphate, 0.20; potassium dihydrogen phosphate, 10.0; locust bean gum, 10.0 with fermentation volume, 25 mL and pH 6.5. Analysis of variance (ANOVA) of the obtained results (Table  4) revealed that changing of peptone and locust bean gum in medium composition together with pH have been the most important factors in causing differences in the obtained results.
When these results were analyzed, an optimum condition could be attained by calculations as follows, medium composition (g/L) peptone, 3.5; ammonium sulphate, 1.50; urea, 0.30; magnesium sulphate, 0.05; potassium dihydrogen phosphate, 12.0,; locust bean gum, 15.0 with fermentation volume, 25 mL and pH 6.5. Under these conditions, mannanase biosynthesis was expected to be 8.9 U/mL. However, after performing the experiment with the above mentioned conditions, the produced mannanse was found to be 8.7 U/mL. Since the difference between the expected and actual is 2.25%, the result was regarded as acceptable. 
DISCUSSION
Most optimization process used for mannanase production deals with one factor at a time (Youssef et al., 2006) or using response surface methodology (Dan et al., 2012) . However using Taguchi method enabled us to study eight different factors with three levels affecting mannanase production. According to the results produced, Taguchi method was found useful in mannnase production optimization as it increased production from 2.13 to 8.7 U/mL compared to other methods used. As a result, enzyme production was finally increased about 408 %, in relation to the initial step.
